and forms of operative management, approach, and instrumentation for correction. 1, 2 The surgical treatment of ASD is thus a significant point of focus from a cost-effectiveness and patient-benefit stance. ASD patients are increasingly seeking operative management, yet due to its surgical complexity, there may be significant risks. A thorough understanding of the treatment's risk-benefit ratio must therefore be undertaken. 3 These risks manifest in debilitating effects both on the patient, noted in elevated morbidity rates (8.4%-42%), and on the hospital, reflected in increased financial burden. [4] [5] [6] With rising health care costs, orthopedic studies are shifting attention to the cost-effectiveness of surgical procedures to quantify operative success and patient outcomes. 7, 8 One such metric is the length of hospital stay (LOS) associated with an index ASD procedure. 9 Previous studies have sought to identify factors that affect LOS associated with ASD surgical intervention: Hassanzadeh et al 10 reported no significant differences in duration of hospitalization between ASD surgical patients who underwent primary or revision surgery; McCarthy et al 9 found that mean LOS for ASD patients with primary idiopathic scoliosis was lower than for patients with primary degenerative scoliosis, primary sagittal plane deformity, and patients who underwent revision surgery. Individual risk factors for extended LOS have also been characterized in the context of spine surgery: morbid obesity, 11 age, 12 and minimally invasive surgery (MIS) versus open surgical approach. 13 However, results regarding LOS and spine surgery have predominantly been those of incidence; an analysis evaluating length of stay as an isolated outcome measure is lacking. In addition, no prior study has analyzed extended LOS in ASD surgery with respect to patientreported outcome measures.
Thus, our study aims to determine the impact of baseline and operative variables on patients who had extended LOS after ASD surgical correction. We also sought to understand the impact of extended LOS on HRQoL measures of pain, disability, and satisfaction. Rise in ASD surgical volume demands thorough knowledge of the factors that affect measures linked to cost, such as length of stay and HRQoL scores.
MATERIALS AND METHODS

Data Source and Study Design
This study was a retrospective review of a collaborative ASD database from 11 institutions around the United States from 2008 to 2014. All patients were !18 years of age at the time of enrollment and were prospectively included if they met the following radiographic criteria for ASD diagnosis: scoliosis !208 (measured by major coronal Cobb angle), sagittal vertical axis (SVA, distance between the C7 plumbline and posterior superior sacrum margin) !5 cm, pelvic tilt (PT, angle between the line connecting the midpoint of the sacral plate to the middle of the femoral heads, and the vertical) !258, or thoracic kyphosis (TK, angle between T4 upper end plate and T12 lower end plate) >608. All patients had complete demographic, radiographic, and HRQoL data at baseline, 6 weeks, and 2 years postoperative. Patients were excluded from the database for neuromuscular, infectious, or malignant spinal deformity etiology.
Length of Hospital Stay Grouping
The primary clinical outcome measure in this study was the LOS measured in days from surgery to discharge. LOS was dichotomized to facilitate regression analyses into normal (normLOS group) and extended (extLOS) LOS groups, according to the 75th percentile of the total study patients, which is consistent with prior literature. 14 
Data Collection
Demographic data (including age, sex, BMI, and comorbidities) and surgical data (including operative time, approach, instrumentation, and complications) were collected. Charlson Comorbidity Index (CCI) score, a measure of comorbidity burden, 15 was divided into three categories on the basis of a threshold value of 4, according to the distribution of CCI scores among the total cohort: CCI 0 to 1 (low), CCI 2 to 4 (normal), CCI !5 (high). The CCI assigns comorbidities (myocardial, vascular, pulmonary, neurologic, endocrine, renal, liver, gastrointestinal, cancer/immune, and miscellaneous disease categories) a weight (1, 2, 3, or 6) to predict mortality risk. 15, 16 In this database, procedure-related complications were classified into the following groups: cardiopulmonary, gastrointestinal, implant, infection, musculoskeletal, neurologic, operative, other, radiographic, renal, vascular, and wound. Complications were also organized on the basis of their occurrence in the surgical course: intraoperative, peri-operative (<6 weeks of index procedure), and postoperative (>6 weeks of index). Complications were also designated as major or minor according to previously reported methodology. 17 The following HRQoL scores were collected at baseline and each follow-up time point: Oswestry Disability Index (ODI), Short Form (36) Health Survey Mental (MCS), and Physical (PCS) component summaries, Scoliosis Research Society (SRS-22r) Questionnaire in terms of Activity (AC), Pain (P), Appearance (AP), Satisfaction (S), Mental (M), and Total (T).
Statistical Analyses
Data were analyzed using Statistical Package for the Social Sciences version 20.0 (SPSS Inc., Chicago, IL) and R software. Univariate analysis involving Chi-square and unpaired Student t tests for categorical and continuous variables, respectively, were used when comparing LOS patient groups. Binary logistic regression modeling with stepwise selection determined predictors of extLOS. Multivariate repeated-measures mixed models, controlling for potential confounders (age, etc.), measured extLOS impact on HRQoL at 6 weeks, 1-, and 2-year postoperative. P < 0.05 was determined to be statistically significant; odds ratios are reported as [OR, 95% confidence interval (95% CI), P value].
RESULTS
Study Sample
There were 558 operative ASD patients eligible for inclusion in the database, and 380 (68.1%) were retained for analysis, as they met the required study inclusion criteria. The cohort had a mean age of 57.3 AE 15.1 years, mean BMI of 27.8 AE 9.7 kg/m 2 , and comprised 79.2% females. The average overall LOS was 7.8 AE 3.8 days (range: 1-30 days). On the basis of the LOS for included patients, the 75th LOS percentile was defined as 9 days following index surgery; 105 patients (27.6%) were subsequently categorized into the extLOS (!9 days) group, and 275 (72.4%) were designated normLOS (<9 days) group. The distribution of LOS for the total included patient population is displayed in Figure 1 .
LOS Group Demographics
Differences between patient groups for demographics and surgical variables, based on LOS category, are presented in Table 1 . At baseline, extLOS patients were older (62.3 vs. 55.3 years, P < 0.001) and displayed increased prevalence of the following comorbidities: cancer (14.3% vs. 7.6%), heart disease (17.1% vs. 6.2%), kidney disease (6.7% vs. 1.8%), neurologic (7.6% vs. 1.1%), and osteoporosis (22.9% vs. 11.3%) (P < 0.001 for all cases). These patients also had increased total number of comorbidities (2.2 vs. 1.6, P ¼ 0.002) and CCI scores (2.0 vs. 1.3, P < 0.001), relative to normLOS cases. The distribution of extLOS patients according to CCI ranking was as follows: 22.4% in CCI 0 to 1, 31.3% in CCI 2 to 4, and 56% in CCI ! 5 (P < 0.002).
Surgical and Complications Data
ExtLOS patients displayed significant differences compared with normLOS cases with regard to surgical variables collected. As per the study design, the mean LOS for extLOS and normLOS patients was significantly different (12.4 vs. 6.0 days, P < 0.001). ExtLOS patients had increased operative time (393.3 vs. 359.7 minutes, P < 0.001), increased EBL (2096.2 vs. 1528.2 cc, P ¼ 0.002), more frequent bone morphogenetic protein-2 (BMP-2) utilization (1.7 vs. 1.2, P ¼ 0.043), more levels fused (12.7 vs. 11.0, P < 0.001), and more three-column osteotomies (44.4% vs. 29.3%, P ¼ 0.042) than normLOS patients. There were three stand-alone MIS procedures, one of which was grouped into extLOS.
The number of intraoperative (36.6% vs. 15.6%, P < 0.001) and peri-operative (47.7% vs. 26.6%, P < 0.001) complications were larger in the extLOS group. Within intraoperative complications, extLOS patients had more cardiopulmonary complication occurrences: pleural effusion (1.9% vs. 0.0%, P ¼ 0.022). Among operative complications overall, the extLOS group had more dural tears (13.3% vs. 5.1%, P ¼ 0.006) and excessive (!4 L) blood loss (18% vs. 5.8%, P < 0.001). Within the infection complication category, extLOS patients experienced deep infections (n ¼ 4 peri-operative major), pneumonia (n ¼ 2 peri-operative major), sepsis (n ¼ 3: 2 peri-operative major, 1 perioperative minor), and urinary tract infection (UTIs) (n ¼ 7: five peri-operative minor and two postoperative minor).
Predicting Extended LOS
Independent predictors for extended hospital LOS were identified through multivariate analysis ( Table 2 ). Factors that significantly increased the extLOS risk were increased CCI score at baseline (OR: 3.92, P ¼ 0.027), increased occurrence of intraoperative complications (OR: 3.56, P ¼ 0.038), age (OR: 1.04 per year, P ¼ 0.010, number of levels fused posteriorly (OR 1.12 per level, P ¼ 0.018), and increased infections (OR: 2.29 per occurrence, P ¼ 0.012) and neurologic (OR: 2.51 per occurrence, P ¼ 0.004) complications associated with surgery. The number of perioperative complications (postsurgical to 6 weeks postoperative) was not found to significantly impact LOS.
Patient-Reported Outcomes
ExtLOS patients significantly differed from the normLOS patient cohort in ODI, SF-36 PCS, and SF-36 MCS scores at most follow-up time points considered, with the exception of baseline PCS and MCS scores, and MCS scores at 1 and 2 years postop (Table 3) . At 2 years postoperative (Figure 2 ), both normLOS and extLOS patients experienced overall improvement in all HRQoL scores considered (ODI, PCS, MCS, SRS-22r, AC, P, AP, S, T, P < 0.001). However, patients in the extLOS group had significantly less overall improvement in all HRQoLs (P < 0.01), except for MCS (P ¼ 0.17), SRS Mental (P ¼ 0.08), and SRS Satisfaction (P ¼ 0.45) compared with the normLOS cohort.
DISCUSSION
LOS for ASD patients undergoing corrective surgery is a valuable metric for gauging immediate and extended operative success. The lack of consensus regarding factors predisposing spine surgery patients to prolonged hospital courses renders studies focusing on LOS particularly pertinent. Shifting trends in ASD procedures, coupled with increased cost expenditures, and an emphasis on outcomes to measures operative treatment success underscore the need for studies considering such factors. This study thus queried a multicenter national database for surgical ASD patients to investigate associations between pre-operative and surgical factors and LOS, as well as the impact of longer hospital courses on extended patient-reported outcomes. The presented results may buttress prior reports centered on the cost-effectiveness of ASD surgery and to direct further measures in the context of patient counseling and surgical practice. 8 The mean LOS for the overall cohort presented was 7.79 AE 3.77 days, while the mean course for the extLOS group was 12.42 AE 4.16 days, and that for the normLOS cohort was 6.01 AE 1.31 days; according to the 75th percentile of this patient sample, extended LOS was defined as a hospital course >9 days. These values are comparable to other studies' reporting hospital courses in lumbar and thoracolumbar surgeries. 14, [18] [19] [20] As anticipated, significant differences between patients with normal and extended LOS were chiefly related to presenting comorbidities and variations in surgical procedures. Of note, extLOS patients had higher baseline rates of osteoporosis (22.1%) and heart disease (17.1%), both of which have been previously implicated in poorer outcomes associated with ASD surgery from a clinical and radiographic standpoint. 21, 22 Several presenting patient demographics were associated with significant changes in extLOS odds: age, heart disease, and CCI score. Taken together, these results strengthen previous studies' findings that have investigated baseline patient-specific characteristics and their association with increased hospital courses. Using the Nationwide Inpatient Sample (NIS) from 2005 to 2010, Basques et al 14 comparably determined that among 1861 elective posterior lumbar fusions patients, those with extended hospital courses (>5 days) were significantly older than their counterparts. In studying octogenarians undergoing surgery for lumbar disc herniations, Factors listed here were significant at P < 0.1 (level of statistical significance used in subsequent regression analyses). LOS indicates length of hospital stay.
Nie et al 12 found that this patient subgroup displayed higher mean LOS (6.1 AE 1.6 days). The result that a history of heart disease was significantly associated with a shorter LOS was an intriguing finding, though not isolated to our analysis. Gruskay et al 22 studied length of stay in 103 elective posterior lumbar spine patients and found that pre-operative heart disease reduced extended LOS odds (b ¼ À0.301). Likely, these patients are identified pre-operatively as highrisk cases, and are thus subject to more extensive workup and discharged more rapidly to alternate and specialized treatment services.
An important intraoperative factor associated with increased extLOS odds was a longer surgical construct. Implementing multilevel procedures in ASD cases have consistently demonstrated decreased clinical outcomes, across specific diagnoses and surgical approaches. For instance, Haque et al 23 compared clinical outcome measures across ASD surgical approaches and found that ''Open'' surgical patients had significantly increased number of levels fused posteriorly (mean 10.5 AE 4.3) and concomitant increased EBL, operative courses, and complications. 24 Although long segments (more than three levels) offer more sagittal alignment correction, which influences the surgical effectiveness, they simultaneously entail longer surgeries and increased complication risk. 25 Further support for this comes from Zheng et al 19 who, in analyzing 112 revision lumbar surgical patients, determined that the number of fused levels correlated significantly with operative time (r ¼ 0.47, P < 0.05), intraoperative blood loss (r ¼ 0.35, P < 0.05), and marginally significantly with extended LOS (r ¼ 0.21, P < 0.01). 20 As a marker for surgical complexity, an increased number of vertebral levels operated on has also been reported to increase risk of infection, which was similarly an independent predictor of extLOS in this series. 26 With multiple studies supporting the negative influence of infections on postoperative outcomes in the setting of ASD correction, our reporting that increased number of infections as a result of surgery significantly extended LOS is not novel. In this series, ASD patients experienced mostly UTIs, which is also consistent with prior reports indicating that UTIs can extend hospital course by 1 to 3.8 days. 27, 28 This finding strengthens the observation by de Lissovoy et al 28 that SSIs extended length of stay in orthopedic procedures by 9.5 days, and increased costs by $15,129 per admission. 29 Neurologic complications have been less correlated with extended hospital courses in ASD patients. Rates for unanticipated neurologic complications and deficits, such as paraplegia, delirium, and vision loss, due to ASD surgery are relatively elevated, and individually, some of these have been linked with longer hospital stats. [30] [31] [32] Kamerlink et al 32 did note that major intraoperative neurologic monitoring deficits were most frequent in primary scoliosis ASD cases (10%), and increased in frequency with increased operative time. Building on this in the context of patient outcomes, and somewhat consistent with the present study, Bekelis et al 33 found that pre-operative neurological deficits were associated with a postoperative length of stay greater than 3 days (OR: 3.63). Although an extended LOS adverse impact on hospital characteristics is often demonstrated, the influence on patient-reported outcomes is rarely evaluated. This study considered HRQoL questionnaires at 6 weeks, 1 year, and 2 years postoperative to quantify the influence of extLOS on pain, disability, and satisfaction for ASD patients. The extLOS cohort experienced overall improvement in all scores considered from baseline to 2 years postoperative. But compared with normLOS cases, extLOS patients' scores were significantly lower, except for the SF-36 Mental Component (P ¼ 0.17) and SRS-Mental (P ¼ 0.08) scores. That the two cohorts also had similar SRS Satisfaction scores (P ¼ 0.45) at 2 years postoperative suggests that despite increased complication burden and LOS, there was still room for improvement. In addition, extLOS patients also had lower ODI and SF-36 PCS scores at each time point, than normLOS patients. Given the variables identified as increasing LOS odds, decreased patient-reported outcomes in the extLOS group could be indicative of concomitant issues. The poorer HRQoL outcomes emphasize the importance of critical pre-operative planning, with a particular concern for the factors that can alter the immediate perioperative window, as they demonstrate an effect on longterm outcomes.
Limitations
This study is limited predominantly in its retrospective design. Furthermore, differences in surgeon treatment and hospital protocols regarding length of stay may vary from the sites represented in the multicenter database, which could contribute to variances in hospital course reporting. Disposition at discharge and discharge destination were operative variables that were not collected in this database, which are relevant factors in considering LOS. In addition, more detail in defining complication timing in relation to discharge is necessary for a more complete understanding of how individual complications and their occurrence affect LOS.
CONCLUSION
ASD surgery poses a significant technical challenge, with elevated rates of complications and an important burden placed on a patient and hospital system. This is often realized in extended LOS for ASD cases. In this study, 105 (27.6%) ASD patients had an extended hospital course (>9 days). ExtLOS odds were associated age, heart disease, Charlson score, number of levels fused, and number of infections, neurologic, and intraoperative complications. Although extLOS patients improved HRQoL scores over 2 years postoperative, their improvement was significantly less compared with normLOS cases, except for SF-36 MCS and SRS-Mental scores.
Key Points
Extended length of hospital stay for adult spinal deformity patients was >9 days following index surgery, as determined by the 75th percentile. Patients were at an increased odds for extended length of stay if they were older at baseline, had more levels fused, increased infection or neurologic complications, higher Charlson Comorbidity Index scores, or more frequent intraoperative complications; only heart disease at baseline reduced the odds of extended length of stay in ASD patients. ASD patients with extended length of stay improved overall at 2 years postoperative in outcome scores; however, this improvement was significantly less compared with normal length of stay of patients, except for SF-36 MCS and SRS Mental scores.
